Transient kinetic methods -Stopped-flow kinetic data were acquired at 25°C by recording the change of NADH absorbance at 340 nm as described elsewhere (1,2). The instrument used (Applied Photophysics model SX.18 MV) had a dead-time of 2.0 ms. All reactions were performed using enzyme (10 -20 µM) in a limiting concentration. If not mentioned otherwise, reactions were started by mixing a buffered solution of E292A and coenzyme with a buffered solution of the same coenzyme concentration and substrate. The coenzyme and substrate concentrations used were saturating in the steady state. Suitable controls were obtained by mixing reaction solutions lacking the enzyme. Measurements were performed at pH 7.1 (100 mM Tris/HCl) and pH 10.0 (100 mM glycine/NaOH). to the data. E V and E V/K are the isotope effects minus 1 on k cat and k cat /K, respectively, and F i is the fraction of deuterium in the substrate or solvent. 
Further technical details of the MD simulations -All systems were put into a cubic box with a side-length of 76 Å, solvated with about 12000 water molecules. Sodium and chloride ions at approximately physiological concentration were added, with a surplus of sodium to ensure charge neutrality of each system. Generally a time step of 2 fs was used. Bonds involving hydrogens were constrained using the LINCS algorithm (3) . A cut-off of 10 Å was used for the van der Waals interactions, and electrostatic long range interactions were accounted for by using a Particle Mesh Ewald algorithm (4) . The simulation protocol included a brief minimization with all non-hydrogen atoms of the proteins constrained, an equilibration MD of at least 200 ps at constant temperature of 300 K, controlled with a Nose Hoover thermostate (5), and constant pressure of 1 bar, controlled with a Berendsen type barostate (6) . During equilibration runs all back bone atoms of the proteins were restrained to their initial positions with a harmonic potential and a force constant of 1000 kJ/mol/nm.
Simulation results were analyzed in terms of the -carbon backbone RMSD for the simulated structures as compared to the corresponding initial structure, calculating the RMSD for the enzyme as a whole but also for the individual protein domains. The structural dynamics of the active site was tracked using key atom-to-atom distances as descriptors of the conformational change: the -amino nitrogen of Sub for hydrogen bond formation (~0.5 nm). Figure S2 shows that atom-to-atom distances in the active site of 1M2W-E292A-NAD + -man-NH 2 were of similar average length as the corresponding distances in the wild-type enzyme, suggesting that Glu 292 is probably not essential for the approximation of the reactive substrate and catalytic enzyme groups. (7); 50 representative snapshot structures of each MD simulation covering the entire time range of simulation were used as input files for pK a calculations. Standard deviations are shown in parenthesis b Protein chains A and B of 1M2W were applied to pK a calculation. c Identical numbering as in Fig. S2 was used. d Up-flexible indicates some flexibility of Glu 292 with respect to the position in the channel initially adopted. 
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Twenty frames between the end conformers 1LJ8 and 1M2Wa were morphed based on Cartesian interpolation by the web server MovieMaker version 1.0 (11 
